A simple one-step procedure for synthesis of 1-methoxy-1-oxoalkan-2-yl salicylates and 1-methoxy-1-oxoalkan-2-yl 2-[(1-methoxy-1-oxoalkan-2-yl)oxy]benzoates by reaction of salicylic acid with several methyl 2-bromoalkanoates was developed. The reactions were carried out in N,N-dimethylformamide (DMF) in the presence of anhydrous potassium carbonate. Conditions for regioselective synthesis of target compounds were established. The developed procedure could be easily applied in the industrial production process. The new salicylic acid derivatives were obtained with satisfactory yields and were characterized by MS and 1 H NMR spectra. The fungicidal activity of the prepared compounds was tested in vitro against seven species of plant pathogenic fungi. The best results were observed for 1-methoxy-1-oxoalkan-2-yl salicylates which showed moderate or good activity against Botrytis cinerea and Rhizoctonia solani.
INTRODUCTION
The plant diseases can cause signifi cant losses of crops before and after harvest, even up to 25%
1
. Moreover, postharvest diseases limit the storage period and marketing life of many crops, especially fruits like apples, strawberries, grapes and peaches. Some of the most common symptoms of plant diseases are mould, rot and rust, caused by fungal infections 2 . The damage of plant tissues generally results from the action of pectinolytic enzymes produced by fungi 3, 4 . The fungi do not only cause decay of crops but also produce the carcinogenic mycotoxins, e.g. patulin. These toxins may rise to unacceptable levels in fruits or vegetables destined for further processing, creating a threat to consumers 4, 5 . Current control of postharvest crop diseases consists mainly of the use of synthetic chemical fungicides, for example belonging to imidazole, benzimidazole, phenylpyrrole and dicarboximide groups 6, 7 . The excessive use of synthetic fungicides has caused an increase of public concern over their possible impact on human health, due to the presence of fungicide residues in food and in the environment [8] [9] [10] [11] . On the other hand, it is also the reason of development of pathogens resistance to fungicides 12 . Therefore, it is important to develop more environmentally friendly compounds as alternative agents for postharvest diseases control.
In the last years, the application of salicylic acid in crop protection has been extensively investigated. Salicylic acid and its derivatives (i.e. aspirin, methyl salicylate, salol, salicylanilide) are known primarily as analgesic, antipyretic, antioxidant, antimicrobial, antiproliferative and cytotoxic agents 13-15 widely used in medicine. However, many research laboratories are focused currently on the antifungal activity of salicylic acid. It seems to be a good idea because salicylic acid is a natural phenolic hormone produced in plants via the phenylpropanoid pathway as a signalling molecule which plays a critical role in plant defence against a number of fungi and other pathogens
16
. Antifungal activity of salicylic acid was proved against several postharvest pathogens, including
Botrytis cinerea
17, 18 , Fusarium oxysporum
19
, Penicillium expansum 4, 6, 20 and Rhizopus stolonifer 21, 22 . The mentioned fungal strains cause problems during the storage of apples, peaches, sweet cherries, strawberries, tomatoes, potatoes and many others crops.
Only a few authors have reported the antifungal activity of salicylic acid derivatives. Amborabé et al.
23
have described various activities of several compounds against Eutypa lata, and the best results were obtained for synthetic 4-chlorosalicylic acid. Unfortunately, this substance seems to be unfriendly for the environment because of chlorine content. Antifungal activity is also characteristic for anacardic acid, which is a natural mixture of 6-alkylsalicylic acids (the alkyl groups are saturated or unsaturated chains containing 15 or 17 carbon atoms). Prithiviraj et al. 24 have proved that these substances can be utilized in controlling certain plant diseases caused by Colletotrichum capsici. These results are encouraging for further development of salicylic acid derivatives as potential antifungal agents.
Bearing the above in mind, the aim of this work was the synthesis of new compounds by the reaction of salicylic acid with methyl 2-bromoalkanoates in alkaline conditions and to establish favourable parameters for the regioselective synthesis of corresponding compounds. The obtained new derivatives of salicylic acid were screened for antifungal activity using in vitro tests.
EXPERIMENTAL

Chemicals and apparatus
Starting salicylic acid (≥99% purity) was purchased from Alfa Aesar. Methyl 2-bromoalkanoates i.e. methyl 2-bromobutanoate, 2-bromopentanoate and 2-bromohexanoate were obtained according to the method described in the literature 25 , although they are commercially available. Other reagents and solvents were purchased in commercially available grade purity (>98%). N,N--Dimethylformamide (DMF) was dried over 4A molecular sieves. All other reagents and solvents were used without purifi cation.
The GC-MS analysis of the obtained products was carried out using an Agilent 6890 gas chromatograph equipped with an Agilent 5973 Network Mass Selective Detector (MSD). The separation was effected using a HP-5MSI capillary column with bonded (5% phenyl) methylpolysiloxane stationary phase (30 m × 0.25 mm I.D., 0.25 μm fi lm thickness). The GC oven temperature was programmed: initial temperature 60 o C (hold for 3 min); ramp rate 10 o C/min; fi nal temperature 300 o C (hold for 10 min). Helium was used as a carrier gas at a constant fl ow rate of 1.2 ml/min. The mass selective detector was working in electron impact mode (70 eV). The mass spectra were scanned in the range from 50 to 500 m/z.
1 H NMR spectra were recorded in CDCl 3 with TMS as an internal standard on a TM Bruker DPX 400 spectrometer (400 MHz).
Melting points were determined using a Boetius apparatus and are uncorrected.
Synthesis of methyl 2-bromoalkanoates (2a-2c)
According to method described by Reinheckel
25
, methyl 2-bromoalkanoates are synthesized in three-step procedure involving chlorination, bromination and esterifi cation of an adequate alkanoic acid with thionyl chloride, bromine and methanol, correspondingly. This synthesis requires a few steps, but it is carried out according to the one-pot procedure. The crude 2-bromoesters were purifi ed by distillation process under reduced pressure and were identifi ed using GC-MS method. All methyl 2-bromoalkanoates (2a-2c) were obtained as colourless oils. The yields and boiling points of 2-bromoesters were correspondingly: 93% and 49-51 o C/11 mmHg (Lit. 
Synthesis of target compounds 3a-3c and 4a-4c
The mixture of salicylic acid (1), methyl 2-bromoalkanoate (2a-2c) and anhydrous K 2 CO 3 in DMF was heated with stirring at 92-94 o C. The amount of salicylic acid (1) was 18 mmol in each entry and the applied volume of the solvent (DMF) was 50 mL. The molar ratio of reagents and the reaction time are presented in Table 1 . After the completion of the reaction the mixture was poured into ice-water. The products were extracted with methylene chloride and separated preparatively. For this purpose the organic layer was extracted with 5% sodium hydroxide solution. During this operation 1-methoxy-1-oxoalkan-2-yl salicylates (3a-3c) formed sodium phenolates soluble in water, whereas 1-methoxy-1-oxoalkan-2-yl 2-[(1-methoxy-1-oxoalkan-2-yl)oxy]benzoates (4a-4c) were still remaining in organic solvent. Separated water layer was neutralized with 5% hydrochloric acid and then compounds 3a-3c were re-extracted with methylene chloride. The obtained methylene chloride extracts containing separated compounds were washed with water and dried over anhydrous sodium sulfate for 30 min. Next, the solvent was evaporated under reduced pressure and pure compounds were dried at room temperature.
The above general procedure was applied for the synthesis of 1-methoxy-1-oxoalkan-2-yl salicylates (3b and 3c) and 1-methoxy-1-oxoalkan-2-yl 2-[(1-methoxy--1-oxoalkan-2-yl)oxy]benzoates (4a-4c). However, in the synthesis of 1-methoxy-1-oxobutan-2-yl salicylate (3a), after pouring the reaction mixture into ice-water the precipitate was formed. It was fi ltered off, washed with water and dried in air.
Antifungal activity
The biological experiments were performed by the Laboratory of Department of Applications and Formulation of Pesticides, Institute of Industrial Organic Chemistry in Warsaw. The fungicidal activity of the prepared compounds was tested in vitro against seven species of plant pathogenic fungi: Alternaria alternata, Botrytis cinerea, Fusarium culmorum, Fusarium graminarum, Phythophtora infestans, Phythophtora cactorum, and Rhizoctonia solani. All strains of the fungi were from the collection of the Institute.
Antifungal activity of the obtained compounds 3a-3c and 4a-4c was assayed using a mycelia growth inhibition method. The test was performed by applying the agar discs containing PDA medium mixed with the tested substances. For this purpose, the target compounds were dissolved in acetone to obtain the concentration of 200 mg/L and the solutions were mixed with molten agar after autoclaving (15% v/v relative to the PDA medium). The homogeneous mixture was poured in the sterilized Petri dishes. Control plates contained PDA with acetone only. The fungi mycelia were taken from the edge of a good fungal culture and placed in the centre of each Petri dish. After a few days, depending on the growth of mycelium in the control combination, the linear growth of each strain was measured. The fungicidal activity of the tested compounds was expressed as a percentage inhibition of mycelium compared to the control combination. Each measurement consisted of Table 1 . The reaction of salicylic acid (1) with methyl 2-bromoalkanoates (2a-2c) in DMF three replicates and percentage mycelia inhibition was calculated according to the formula:
where: D c -is the mean diameter of colony in the control (mm), D t -is the mean diameter of colony in the Petri dishes with the tested compound (mm).
RESULTS AND DISCUSSION
Chemistry
In order to obtain several new salicylic acid derivatives (3a-3c and 4a-4c), salicylic acid (1) was treated with methyl 2-bromoalkanates (2a-2c). The reactions (Scheme 1) were carried out in an aprotic polar solvent -N,N-dimethylformamide (DMF) under alkaline conditions, and for this purpose anhydrous potassium carbonate was used. Depending on the reaction conditions, different products (3a-3c or/and 4a-4c) were formed due to the presence of two possible centres of reactivity in the starting salicylic acid (carboxyl and hydroxyl groups). The yields of target compounds 3a-3c and 4a-4c are presented in Table 1 .
Conducting the reaction for one hour at the equimolar ratios of the reactants (1:2a-2c) favours the formation of 1-methoxy-1-oxoalkan-2-yl salicylates (entries 1, 4, 5 and 8). Infl uence of potassium carbonate on both selectivity and effi ciency of process was also observed. The molar ratio of the salicylic acid to potassium carbonate of 1:1.1 in the entry 5 led to formation of 1-methoxy-1-oxopentan-2-yl salicylate (3b) in 67.4% yield. Unfortunately, under these conditions 1-methoxy-1-oxopentan-2-yl 2-[(1-methoxy-1-oxopentan-2-yl)oxy]benzoate (4b) was also formed as a by-product in 1.4% yield. Reduction of the amount of potassium carbonate in the entries 1, 4 and 8 resulted in an increase selectivity of the process. At the molar ratio of reactants of 1:0.55 (1:K 2 CO 3 ) the pure products 3a-3c were obtained in 82.1-89.3% yields.
According to the literature 27-30 , esters of phenolic acids are usually obtained in three-step synthesis. The fi rst step is the protection of hydroxyl group, and as the blocking agents benzyl halides or acetic anhydride are often applied. The ester is formed in the next step and the fi nal stage is removal of the protecting group. The hydrogenolysis is performed, when benzyl is the leaving group. For removal of acetyl group, the hydrolysis is recommended. Application of protecting groups is commonly used at the initial development of synthesis or in small-scale laboratory work, but it is inconvenient in industrial production -additional steps and materials raise the costs of the process. In contrast to the methods described in the literature, the method proposed in this work is one-stage and occurs in good yields. It seems to be easy to transfer to a large scale production.
In case of 1-methoxy-1-oxoalkan-2-yl 2-[(1-methoxy--1-oxoalkan-2-yl)oxy]benzoates (4a-4c) synthesis, the molar ratios of salicylic acid (1) to 2-bromoesters (2a-2c) were 1:2.0 or 1:2.5. Comparing the results from entries 9 and 11 it can be stated that the applied ratio of reactants had no infl uence on the yield of the target compound 4c, so the use of stoichiometric amounts of salicylic acid (1) and 2-bromoesters (2a-2c) should be preferred from an economic point of view. For the synthesis of compounds 4a-4c the substantial factors were the amount of applied anhydrous potassium carbonate and the time of reaction. The molar ratio of salicylic acid (1) to potassium carbonate of 1:2.0 during the synthesis of compound 4b (entry 6) resulted in formation of the target product in 77.3% yield. The rise of process effi ciency to 91.3-94.0% was observed when the bigger amount of potassium carbonate was applied, as in the entries 2, 7 and 9. The results obtained from trials 10 and 11 indicate that it is preferable to conduct the process for four hours.
All obtained 1-methoxy-1-oxoalkan-2-yl salicylates (3a-3c) and 1-methoxy-1-oxoalkan-2- by gas chromatography-mass spectrometry (GC-MS) are presented in Table 2 , whereas 1 H NMR spectral data of compounds 3a-3c and 4a-4c are collected in Table 3. strain of fungi quite good results were also observed in case of derivatives 3b and 3c. The fungistatic effect of these substances was about 87%. It can be stated that 1-methoxy-1-oxoalkan-2-yl salicylates (3a-3c) could be used to control grey mould which is caused by B. cinerea. These compounds also showed moderate activity against R. solani (the growth inhibition was in the range from 63 to 88%). Moreover, 1-methoxy-1-oxohexan-2-yl salicylate (3c) and 1-methoxy-1-oxopentan-2-yl salicylate (3b) caused substantial inhibition of P. cactorum and P. intfestans, respectively. As well as substances 4a-4c, 1-methoxy-1-oxoalkan-2-yl salicylates (3a-3c) slightly inhibited the growth of A. alternata (33-46%) and were ineffective against Fusarium strains.
Summarizing, our data demonstrate that salicylic acid derivatives 3a-3c and 4a-4c act on the development of 1 H NMR spectral data of compounds 3a-3c and 4a-4c Table 2 . GC-MS data of compounds 3a-3c and 4a-4c
Fungicidal activity
The fungicidal activity of the synthesized compounds was calculated as percentage of mycelial growth inhibition of pathogenic fungi (in vitro assays) with respect to the control. The results of antifungal tests were expressed in the scale from 0 (no effect) to 3 (good activity) 31 and collected in Table 4 . The fungicidal activity of the salicylic acid derivatives was proved. Compounds 4a-4c showed weak activity against strains A. alternata, B. cinerea, P. intfestans and R. solani. Unfortunately, these compounds did not have any infl uence on the others fungi growth. The spectrum of antifungal activity of 1-methoxy-1-oxoalkan-2-yl salicylates (3a-3c) was broader and higher than observed for compounds 4a-4c. The best results were achieved for compound 3a, which showed good activity against B. cinerea (growth inhibition of 97.0%). For this 5 from 7 tested fungal pathogens. This action seems to be specifi c to the molecular structure. Substitution of the hydroxyl group in the salicylic acid (compounds 4a-4c) reduced the antifungal activity in comparison to the compounds with free hydroxyl group. A similar observation had also been made by Amborabé et al., who tested antifungal effects of other salicylic acid derivatives towards E. lata fungi strain 23 .
CONCLUSIONS
We have reported an effi cient method for the synthesis of new salicylic acid derivatives i.e. 1-methoxy-1-oxoalkan--2-yl salicylates (3a-3c) and 1-methoxy-1-oxoalkan-2-yl 2-[(1-methoxy-1-oxoalkan-2-yl)oxy]benzoates (4a-4c). Conditions for selective synthesis of target compounds in the one-step procedure were established. The short time of reaction, especially during synthesis of 1-methoxy--1-oxoalkan-2-yl salicylates (3a-3c) favours energy saving and application the only necessary quantity of reagents allows to minimize the amount of generated by-products and waste. It seems to be in line with the current trends in green chemistry and green chemical technology.
Antifungal activity of the obtained compounds was assayed using a mycelia growth inhibition method. The results of the preliminary tests showed some activity against fi ve different strains of phytopathogenic fungi. The best results were achieved for compounds 3a-3c which showed moderate or good activity against B. cinerea and R. solani. Syntheses of novel derivatives of the other phenolic acids and their biological properties will be the subject of our further studies in this area. It is intentional to focus on derivatives with free hydroxyl group.
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